The number of infants born in the United States with perinatally acquired HIV infection declined from 99 in 2010 to 53 in 2015.
1 This decrease supports the notion that perinatal HIV transmission can be eliminated in the United States. To eliminate perinatal HIV transmission, it is important to know the annual number of women with HIV who give birth. This information can increase understanding of the uptake and impact of interventions designed to prevent perinatal transmission and can be used to determine how many women must be linked to and retained in HIV care postpartum. It is also needed to estimate a national perinatal HIV transmission rate (ie, the number of infants with infection divided by the number of deliveries to women with HIV), which is directly related to 2 goals of the Centers for Disease Control and Prevention's (CDC's) framework to eliminate perinatal HIV transmission: (1) a perinatal HIV transmission rate <1% among HIV-exposed infants and (2) an annual incidence of <1 per 100 000 live births. 2 The annual number of HIV-exposed infants in the United States was accurately known from 1988-1995 from CDC's Survey of Childbearing Women, in which heel-stick blood specimens, obtained for metabolic screening from all newborns in the United States, were anonymously tested for HIV antibodies. [3] [4] [5] However, the survey was discontinued in 1995 after the benefit of zidovudine prophylaxis was established. 6 Since then, the number of women with HIV infection who delivered infants was estimated to be 6249 in 20 00 7 and 8700 in 2006. 8 Surveillance data from 50 states on HIV infections in infants have been published since 2011; in recent years, however, the number of infants has seemed incompatible with the 2006 estimate of 8700 exposed infants. We sought to determine whether the 2006 estimate of the number of women with HIV giving birth (ie, the number of HIV-exposed births) in the United States was supported by current data. Accordingly, we asked 3 questions: (1) Is the current number of infants born with HIV infection in the United States consistent with current corroborating data and the estimated annual number of deliveries to women with HIV? (2) Is the annual, estimated number of deliveries to women with HIV consistent with the estimated birth rate among women of childbearing age currently living with HIV? and (3) Has the annual number of infants born to women with HIV among states that report these data changed in the past decade?
Materials and Methods

Estimating the Number of Infants With HIV
To answer the first question, we first estimated the expected number of infants with HIV infection by using various numbers of women with HIV infection who delivered infants but maintaining the current uptake of interventions. We compared that estimate with the current observed number of infants with HIV infection. We also estimated the expected range of the number of HIV-infected women likely to be giving birth rather than a single estimate, which would have required more inputs than were practical. We based our approach on various assumptions about the numbers of exposed births per year and assumptions derived from the literature.
We considered a set of variables, each of which was, in turn, considered under a "basic" case and an "optimal" case. [9] [10] [11] [12] [13] [14] The basic case used established data from the largest sources available (eg, CDC's Enhanced Perinatal Surveillance [EPS]). 9 The EPS enrolled women with HIV and HIV-exposed infants from 2000 through 2003 and from 2005 through 2010; most enrollees were mother-infant pairs. At enrollment, which could occur during pregnancy, during labor, or after delivery, the time of maternal HIV diagnosis was classified as before or during pregnancy, during labor or delivery, or later. The optimal case used "best-case" estimates (ie, estimates of available data, the best adherence to recommended practice), most of which were from states or cities. We describe the variables used in both cases.
Rate of HIV diagnosis before pregnancy. In the basic case, 68% of women had received a diagnosis before pregnancy 9 and 32% had not. In the optimal case, we substantially increased-compared with the basic case-the percentage of women with an HIV diagnosis before pregnancy, to 82%. Data on diagnosis before pregnancy since completion of EPS have been reported in state HIV surveillance systems: 77% in Florida, 14 . Using the highest of these percentages (82%) for the optimal case, 18% of women with HIV need to be identified by using prenatal HIV testing.
Rate of prenatal HIV testing. In the basic case, we assumed an overall testing rate of 75%, 10 which meant that 25% of pregnant women gave birth without having been tested and, thus, were not given antiretroviral prophylaxis. In the optimal case, we increased the prenatal testing rate to 85%, the maximum recently reported, 11 which meant that 15% of pregnant women with HIV were not given antiretroviral prophylaxis.
Rate of prenatal antiretroviral prophylaxis. In the basic case, we assumed that 84% of pregnant women with HIV infection used antiretroviral prophylaxis (based on EPS data 9 ); for our purposes, antiretroviral prophylaxis was considered equivalent to antiretroviral therapy, and we refer to both as "antiretrovirals" throughout the article. (There is benefitalbeit reduced-if the infant alone receives single-drug antiretroviral prophylaxis within 48 hours of birth and even more benefit with a 2-or 3-drug infant prophylaxis regimen. 16, 17 However, we did not attempt to account for the small number of situations in which only the infant received antiretroviral prophylaxis.) In the optimal case, we increased the maternal prenatal antiretroviral uptake rate to 95% (a high rate never documented in population-based data in the United States).
Rate of perinatal HIV transmission. In the basic case, we assumed that the transmission rate was 22% if antiretroviral prophylaxis was not used, as observed in the original placebo-controlled trial of zidovudine for perinatal prophylaxis, 12 and 0.5% if antiretroviral prophylaxis was used. 13 In the optimal case, we maintained the 0.5% perinatal transmission rate, a low figure, and did not attempt further optimization. Thus, the perinatal transmission rates did not differ between the 2 cases.
Estimating the Number of Deliveries
To answer question 2 and estimate the number of deliveries, we calculated the number of deliveries expected based on the number of women of childbearing age and the birth rate or pregnancy rate of these women. We determined the number of women aged 13-44 for 2014, the most recent year for which data were available from the AtlasPlus website 18 of CDC's National Center for HIV/AIDS, Viral Hepatitis, STD, and TB Prevention. We used published estimates of the birth rate 19, 20 or the pregnancy rate 20, 21 of women with HIV.
Number of HIV-Exposed Infants Reported by States
To answer question 3, we determined the number of HIVexposed infants reported by states by searching for the number of HIV-exposed infants reported on the websites of state public health jurisdictions with a longstanding practice of collecting data on perinatal HIV exposure. 
Results
Applying various assumptions yielded various subsets of women ( Figure) . For example, in the basic case of estimate 5, of 5000 women known to have HIV before pregnancy and who gave birth, 1600 (0.32 Â 5000) women would be unaware of their infection, 400 (0.25 Â 1600) would not be tested prenatally, and none would receive prenatal antiretrovirals, resulting in 88 infants (0.22 Â 400) with HIV infection. In the basic case of estimate 2, of 3400 (0.68 Â 5000) women known to have HIV before pregnancy and who gave birth, 544 (0.16 Â 3400) would not receive prenatal antiretrovirals, resulting in 120 infants (0.22 Â 544) with HIV infection. In the basic case, any of these subsets of women delivering infants (ie, women unaware of their diagnosis, who were not tested, and who therefore did not receive prenatal antiretrovirals [estimate 5] and women aware of their diagnosis and who did not receive antiretroviral prophylaxis during pregnancy [estimate 2]; 88 and 120 infants, respectively) would result in more infants with infection than had been recently observed. Thus, as indicated by all 5 estimates of the basic case, beginning with 5000 deliveries to women with HIV infection, the estimated number of infants born with HIV infection in a single year was 269 (88 þ 120 þ 14 þ 5 þ 42). Under the optimal case, beginning with 5000 deliveries to women with HIV infection, the estimated number of infants with HIV infection was 106 (30 þ 45 þ 19 þ 8 þ 4).
With 96 363 women aged 13-44 living with HIV in 2014, fewer than 8700 deliveries per year would be expected, with an estimated range of 5000-7000 deliveries based on available estimates of birth or pregnancy rates in women with HIV.
The annual number of HIV-exposed births decreased substantially during the past 10-15 years (Table) . Of the 16 states that consistently recorded data on the number of HIV-exposed infants from 2008 through 2014, the number of HIV-exposed births declined by 14%, from 2798 in 2008 to 2410 as of April 2017.
Discussion
The 2006 published estimate of the annual number of infants born to women with HIV in the United States is inconsistent with available data on the number of infants with HIV being born in the United States in the past 5 years.
1 To reconcile the known 53 infected infants with the 8700 infants born to women with HIV annually, 8 1 or more of the following changes would be required, all of which are unlikely at present:
The proportion of pregnant women with HIV infection diagnosed before pregnancy would have to be higher than the 82% cited in the optimal case. To diagnose HIV infection in a higher percentage of women before their pregnancy would require more testing of the general population than is presently conducted. Maternal antiretroviral uptake would have to increase to more than 95%. Anecdotally, some clinicians report high percentages of antiretroviral use among pregnant women in their care, but no published population-based data show rates of antiretroviral treatment at 95%. Prenatal HIV testing would have to be achieved at a rate higher than 85%, and such a rate was found only in New York State. 37 Perinatal HIV transmission would have to occur at a rate of <0.5% among women receiving antiretroviral prophylaxis or treatment, and such rates have been found only among women with suppressed viral loads.
The observed number of women of childbearing age with HIV and the birth rate among these women are such that the annual number of births is likely lower than 8700. An annual number of births in the 5000 range is consistent with a pregnancy rate of approximately 5%, a rate similar to the birth rate 19 or pregnancy rate 21 described for women with HIV infection in the United States. The Women's Interagency HIV Study reported the live-birth rate of women with HIV infection increasing to approximately 7% in more recent years 20 ; this rate would still result in fewer than 8700 births per year.
The estimated 8700 infants born to women with HIV infection in 2006 8 was determined by multiplying the number of women of childbearing age living with HIV infection by the pregnancy rate of women with HIV. 20 Because HIV infection was reported by name in only 34 states and 5 US dependent areas, the number of additional HIV cases was back-calculated based on the number of AIDS cases in the 50 US states and 5 dependent areas. The analysis accounted for women whose infection had not yet been diagnosed. In contrast, the annual number of HIV-exposed births in the United States could be known if the reporting of perinatal HIV exposure were comprehensive. Such reporting is recommended by CDC, the Council of State and Territorial Epidemiologists, and the American Academy of Pediatrics, and relevant data can be collected through the National HIV Surveillance System. Comprehensive perinatal HIV exposure reporting would have the additional advantage of providing detailed information about interventions to prevent perinatal transmission of HIV. An alternative means of establishing the number of births to women with HIV infection would be to match birth certificate registries with HIV surveillance registries. This practice is already underway in several HIV surveillance jurisdictions and would provide a definitive number of births to women with HIV if Figure. Estimating the number of newborns with HIV under "basic" and "optimal" uptake of preventive interventions, based on the number of women with HIV giving birth, United States, 2008-2014. This figure illustrates a method to validate an estimated number of women with HIV delivering infants against a known number of infants born with HIV infection in a given year, incorporating what is known about women's knowledge of their HIV status before pregnancy, the rate of prenatal HIV testing, the uptake of antiretrovirals (ARVs) for maternal treatment and perinatal prophylaxis, and the mother-to-child HIV transmission rates when ARVs are used or not used. For each factor, there is a "basic" and an "optimal" value. The basic case used established data from the largest sources available (eg, the Centers for Disease Control and Prevention's Enhanced Perinatal Surveillance). 9 The optimal case used best-case estimates (ie, estimates of available data, the best adherence to recommended practice), most of which were from states or cities. Of the women with HIV delivering infants in a given year, the number of infants with infection depends on the proportions of women with various combinations of these values. The 5 "estimates" in the bottom row of boxes are those infants. For example, estimate 1 contains the number of infants with infection born to mothers whose HIV infection status was known before pregnancy and who took ARVs. The total number of infants with infection is the sum of the numbers in the 5 boxes. In this case, the number of infants born with infection is based on 5000 women with HIV with live births in a particular year.
conducted in all HIV surveillance jurisdictions across the United States.
To eliminate perinatal HIV infection, national efforts are underway to support an integrated, comprehensive approach to perinatal HIV surveillance and prevention activities for women and children. Activities to be conducted in all jurisdictions include prenatal HIV testing, HIV case surveillance for women and children, and annual matching of birth certificates with HIV surveillance data. Jurisdictions with the highest numbers of women of childbearing age living with HIV will also implement perinatal HIV exposure reporting, coordinate perinatal HIV services, and conduct reviews of all cases of perinatal HIV infection (and selected cases of perinatal HIV exposure) and community action to improve local preventive systems, using the Fetal Infant Mortality Review-HIV Prevention Methodology (http://www.fimr hiv.org).
Limitations
This study had several limitations. First, because 2010 was the last year for which EPS data were available, our requirement that we use the largest available data sources meant that some basic case data were nearly 10 years old. Uptake of some interventions may have improved since 2010; we included large-scale data from state surveillance, when available, to attempt to account for this limitation. Second, although 95% confidence intervals were available for some of the data we used to answer questions 1 and 2, accounting for these intervals was beyond the scope of this analysis. We sought to investigate whether the 2006 estimate was still valid, not to create a precise new estimate. Finally, to answer question 3, we used data from only 16 states.
Practice Implications
It is possible-indeed, likely-that the yearly number of women with HIV infection who deliver infants in the United States is substantially lower than the 2006 estimate. A better estimate would more accurately identify the extent of the challenges in eliminating perinatal HIV transmission, provide an important context in which to evaluate clinical and public health activities, and improve estimates of mother-tochild transmission of HIV infection.
